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The prevalence of peripheral neuropathy is about 2% 
in the general population, but it rises to 12% and 17% 
in people with one or two recognised risk factors.1 
Diabetes is one such risk factor and the most common 
cause of this disorder—about half of patients who have 
had diabetes for 25 years have peripheral neuropa-
thy. The early symptoms of diabetic neuropathy and 
other peripheral neuropathies are due to degeneration 
of small somatic nerve fibres, which may remain the 
only nerves involved.2 However, “small fibre neu-
ropathy” may not be detected by traditional physical, 
neurophysiological, and neuropathological tests. In 
the past decade, skin biopsy has become a popular 
method for investigating small nerve fibres.3 It allows 
general practitioners and non-specialist—such as dia-
betologists and specialists in orthopaedics—to diagnose  
neuropathy (thereby avoiding delayed or incorrect 
diagnosis), to investigate its aetiology, and to focus 
treatment, in particular for neuropathic pain.

Sources and selection criteria
We searched the Medline database using combinations 
of the terms “skin biopsy”, “cutaneous nerve fibres”, 
“intraepidermal nerve fibres”, “neuropathy”, “painful 
neuropathy”, and “pain”. We also included evidence 
provided by the recent guidelines of the European 
Federation of the Neurological Societies.3

What are the clinical features of small fibre neuropathy?
Small fibre neuropathy can be associated with com-
mon metabolic disorders (such as diabetes and hyper-
lipidaemia), immune mediated conditions (such as 
Sjögren’s syndrome, sarcoidosis, and coeliac disease), 
drug toxicity (such as that caused by antineoplastic 
drugs and antiretroviral drugs), and viral infections 
(such as HIV). It can be a feature of hereditary dis-
eases (such as familial amyloidosis and Fabry’s dis-
ease), or it may be idiopathic.

In the absence of known systemic disease, the diag-
nosis of small fibre neuropathy may not be easy. Pain 
or burning (or both) in the feet are prominent symp-
toms, and may be worse at night. Some patients report 
that contact with warm or cold water elicits discomfort 
or pain (thermal allodynia). Others may complain of 
nocturnal pain, restless leg syndrome, cramps, and 
fatigue. These symptoms reflect the degeneration of 
somatic small nerves, namely unmyelinated C and 
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thinly myelinated Aδ fibres, which carry thermal and 
pain sensation from the skin to the spinal cord and 
eventually the brain. Pain induced by non-painful 
touch stimuli (dynamic mechanic allodynia) is due to 
large fibre dysfunction and thus is mild or absent in 
small fibre neuropathy.

Pinprick and thermal sensation may be reduced in 
the feet or soles, while light touch and vibratory sensa-
tion and deep tendon reflexes are retained, reflecting 
the preservation of large myelinated nerve fibres. In 
most patients the neurological examination is normal. 
Symptoms of autonomic impairment, such as altered 
sweating, flushing, and skin decolouration, may be 
reported in small fibre neuropathy.

What are the limitations of diagnostic tests for  
peripheral neuropathy? 
Routine neurophysiological examinations do not pro-
vide diagnostic clues in small fibre neuropathy. Sen-
sory nerve conduction studies—usually performed on 
the sural nerve when investigating polyneuropathy—
evaluate large myelinated fibres, which are typically 
normal in small fibre neuropathy. Finally, in some 
regions of the body such as the trunk and the proxi-
mal limbs, sensory nerves are not superficial enough 
to be investigated by neurophysiological tests.

Quantitative sensory testing to detect thermal and 
pain thresholds has been used extensively to assess 
small fibre impairment. Studies have shown that an 
increased warm threshold correlates with skin dener-
vation in small fibre neuropathy.3 However, this test 
requires patients to collaborate, and results should not 
be used as the sole criteria for diagnosing neuropa-
thy.4 Laser evoked potentials and contact heat evoked 
potentials selectively excite C and Aδ fibres, and are 
theoretically useful for assessing their function, but 
need further evaluation and have limited clinical use-
fulness at present.

Sural nerve biopsy has long been used for the  
histopathological diagnosis of most peripheral  
neuropathies but this too has its limitations. It is 
an invasive procedure performed in the operat-
ing room, and it carries potential risks such as 
pain and permanent sensory loss distal to the 
biopsy site. Quantitative analysis of unmyeli-
nated fibres is possible in the biopsy specimen 
but requires the use of an electron microscope,  
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the same nerve territory to evaluate the natural progres-
sion of the neuropathy and the effect of treatments, such 
as steroids or immunoglobulin. The positive predictive 
value of skin biopsy in diagnosing small fibre neu-
ropathy is estimated at 93%; specificity is 97% and 
sensitivity ranges from 69% to 82%.3 This technique 
has recently been shown to detect morphological and 
quantitative changes in skin innervation earlier than 
neurophysiological tests, and it can predict the pro-
gression of neuropathy.5 6

Skin biopsy allows small fibres with different func-
tions to be investigated separately. This has impor-
tant implications in clinical practice. Intraepidermal 
nerve fibres have an exclusively somatic function and 
express the capsaicin receptor, indicating that they 
are peripheral nociceptors.7 Therefore, in painful  
neuropathy, skin biopsy can detect abnormalities of 
the target nerves, namely unmyelinated axons car-
rying pain sensation. Conversely, fibres innervating 
sweat glands, arrectors pilorum, and blood vessels 
have autonomic function, and their degeneration is 
indicative of an autonomic neuropathy, which can be 
subclinical in patients with peripheral neuropathy.8

Comparative studies have strengthened the role 
of skin biopsy in diagnosing small fibre neuropathy. 
An analysis of patients with small fibre neuropathy 
showed that the density of unmyelinated intraepi-
dermal nerve fibres could be low despite normal 
morphometry of small nerve fibres from sural nerve 
samples on ultrastructural examination.2 A further 
study found that skin biopsy and sural nerve biopsy 
provide concordant results in about 75% of patients, 
but that skin biopsy can detect small fibre neuropathy 
in 25% of patients with normal sural nerve morphom-
etry.9

Once the diagnosis of small fibre neuropathy is 
established, further tests can be performed to define 
its aetiology. One study found that in 42% of patients 
diagnosed with small fibre neuropathy by skin biopsy, 
oral glucose tolerance testing revealed an unknown 
impaired glucose tolerance.10 In diabetes, the extent 
of intraepidermal nerve fibre loss increases with the 
duration of disease and correlates with raised warm 
thresholds, suggesting that these two parameters may 
be the major indicators of small fibre neuropathy.11

The use of skin biopsy to measure the density 
of intraepidermal nerve fibres has enabled small 
fibre neuropathy to be diagnosed in other condi-
tions, including HIV infection, neurotoxicity from 
antiretroviral and antineoplastic drugs, sarcoidosis, 
Sjögren’s syndrome, and coeliac disease.2 6 

What are the other clinical uses of skin biopsy?
Skin biopsy has shown unmyelinated axons can be 
involved in neuropathies previously thought to affect 
large nerve fibres only, such as chronic demyelinat-
ing inflammatory polyradiculoneuropathy and Guil-
lain-Barré syndrome, in which the loss of skin nerves 
predicts autonomic failure and worse outcome. Inter-
estingly, skin biopsy was also useful in the diagnostic 
work-up of demyelinating neuropathies. In patients 

Fig 1 | Pattern of cutaneous innervation in the lower limb in a healthy subject (top row), in a 
patient with diabetic polyneuropathy (middle row), and in a patient with sensory neuronopathy 
(bottom row). Skin biopsies were taken from the proximal thigh (left) and distal leg (right) and 
immunostained with antibodies against protein gene product 9.5 for bright field microscopy. 
Arrows indicate intraepidermal nerve fibres; arrowheads indicate subpapillary nerve bundles 
(original magnification ×40). The healthy subject (top) shows the normal decreasing gradient 
of intraepidermal nerve fibre density from the proximal to distal leg. In the patient with diabetic 
polyneuropathy (middle), cutaneous nerves degenerate earlier in the distal leg, reflecting the 
length dependent degeneration process. Intraepidermal nerve fibres show large and diffuse 
swellings whereas dermal nerves are fragmented, indicating axonal degeneration. The patient 
with sensory neuronopathy (bottom) shows a complete loss of intraepidermal nerve fibres 
at both sites, reflecting the non-length dependent pattern of denervation caused by primary 
degeneration of sensory neurones of the dorsal root ganglion

making it a difficult and time consuming procedure. 
Furthermore, unmyelinated C and thinly myelinated 
Aδ axons, which have either somatic or autonomic 
function, are enclosed in the bundles of the nerve 
and cannot be differentiated from one another, which 
limits the usefulness of this technique for diagnosing 
small fibre neuropathy. Finally, the biopsy cannot be 
repeated to monitor progress of the neuropathy except 
by using the opposite sural nerve.

What can skin biopsy show that other methods can’t?
Skin biopsy is a safe, almost painless, and cheap tech-
nique for evaluating small nerve fibres. The density 
of these fibres can be measured easily using bright 
field microscopy in sections cut from the specimen 
and appropriately immunostained with antibodies 
against markers expressed by peripheral nerve fibres 
(such as protein gene product 9.5, microtubules, and  
neuropeptides). Skin biopsy can also be repeated within 
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with immune mediated neuropathy caused by  
antibodies against myelin associated glycoprotein, 
specific deposits of IgM and complement have been 
detected in myelinated skin nerves. In vasculitic 
neuropathy, perivascular infiltrating cells can be 
demonstrated around dermal vessels.12 In inherited 
neuropathies, such as Charcot-Marie-Tooth disease, 
examining large myelinated fibres in the skin can 
provide the same pathological and molecular bio-
logical information as that provided by sural nerve 
biopsy.13 14

The distribution of skin nerve density can be use-
ful in localising the site of pathology (fig 1). In distal 
and symmetrical peripheral neuropathies, such as in 
diabetic polyneuropathy, skin nerves are lost mainly 
at the distal rather than the proximal regions of the 
lower limbs, as the longest sensory axons degenerate 
first. This is consistent with the length dependent pat-
tern of sensory disturbances, which start from the feet 

and progress proximally. Conversely, when sensory 
neurones of dorsal root ganglia are primarily affected, 
such as in paraneoplastic and immune mediated sen-
sory neurone diseases, the loss of skin nerves may 
not differ between proximal and distal regions of the 
limbs, suggesting a process that does not depend on 
nerve length.15 

Demonstrating subclinical peripheral neuropathy
In diabetic and HIV neuropathy, intraepidermal 
nerve fibres can show diffuse and large swellings that 
precede the degeneration of axons and predict the 
progression of symptoms to overt neuropathy.5 6 Skin 
biopsy has shown that diabetes causes subclinical 
defects of nerve fibre functions. The rate of regenera-
tion of epidermal nerves after topical application of 
capsaicin, which causes transient denervation of the 
skin, is slower in diabetics with no evidence of neu-
ropathy than in healthy people.16

Demonstrating autonomic neuropathy
Skin biopsy can show the presence of autonomic 
neuropathy by providing a semiquantitative assess-
ment of the denervation of sweat glands (fig 2).17 This 
approach is more sensitive than functional examina-
tion of autonomic nerves using quantitative sudomo-
tor axon testing.3 This can be particularly useful when 
autonomic impairment is clinically silent, as is often 
the case in early diabetic neuropathy.

Monitoring neuropathy
Patients with neuropathy can be evaluated over time 
by measuring intraepidermal nerve fibre density.  
Follow-up biopsies can be taken adjacent to the pre-
vious biopsy site within the same nerve distribution. 
In patients with diabetes, HIV infection, and idio- 
pathic disease, serial skin biopsies have shown that 
loss of intraepidermal nerve fibres correlates with 
the progression of neuropathy.3 Collateral sprouting 
of intraepidermal nerve fibres from overlapping skin 
biopsies could be used to assess the efficacy of com-
pounds in accelerating nerve regeneration.18

Regeneration of skin nerve fibres, which can occur 
spontaneously after nerve injury, is followed by recov-
ery of heat-pain and pinprick sensations.19 In experi-
mental models of neuropathy, skin biopsy proved 
to be a reliable tool for monitoring the efficacy of 

Fig 2 | Normal innervation of a sweat gland at the distal leg in a healthy subject (left). Reduced 
innervation of a sweat gland in a patient with diabetes indicates autonomic neuropathy (right). 
Bright field immunohistochemical study with antibodies against protein gene product 9.5 
(original magnification ×40)

Fig 3 | Skin biopsy performed using a 3 mm disposable punch (top left). Healed biopsy site 
(arrowhead; top right). Scar on hairy skin three months after biopsy (arrowhead; bottom left). 
Scar on glabrous skin eight weeks after biopsy (arrowhead; bottom right)

SUMMarY POintS
Skin biopsy is easy to perform and almost painless 
It provides pathological informationon small nerve fibres, 
which cannot be examined by routine neurophysiological 
tests

Skin biopsy is more sensitive than sensory nerve  
conduction studies and sural nerve biopsy in diagnosing  
small fibre neuropathy and can demonstrate subclinical  
impairment of nerve fibres in patients with diabetes

Follow-up biopsies can be performed to monitor the   
progression of neuropathy and to assess the efficacy of  
treatment
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neuroprotective agents, such as erythropoietin and 
insulin-like growth factor-I.20-22 These findings sug-
gest that nerve fibre density in the skin could be a 
useful outcome measure in clinical studies of human 
neuropathies.

How is a skin biopsy carried out?
Skin biopsy can be performed at any site of the body 
using a disposable punch (usually 3 mm in diameter), 
under sterile technique, and after local anaesthesia 
with lidocaine skin (fig 3). For details of the proce-
dure and the methods used for processing tissue and 
measuring the density of cutaneous nerve fibres see 
bmj.com. 

Hairy skin from the lower limbs is used for exam-
ining unmyelinated and thinly myelinated fibres, 
whereas glabrous skin from the fingers is best for 
large myelinated fibres. Biopsies are taken from the 
distal leg for diagnosis, but a further biopsy at the 
proximal thigh can help differentiate length depend-
ent processes from nerve degeneration not dependent 
on length.15

What are the limitations of skin biopsy?
No study has specifically focused on cutaneous large 
fibres in vasculitic neuropathies, for which sural nerve 
biopsy is mandatory to demonstrate inflammatory infil-
trating cells surrounding endoneurial and epineurial 
blood vessels. Further studies are needed to confirm 
the diagnostic usefulness of skin biopsy in immune 
mediated and inherited demyelinating neuropathies. 
Skin biopsy is available in a limited number of special-
ised centres and its use for diagnostic purposes must be 
preceded by training in an established laboratory.

conclusion
Skin biopsy should be considered in the diagnostic 
work-up of patients with symptoms suggestive of small 
fibre neuropathy (such as burning, prickling, or deep 
and aching pains in the feet) but who have normal 
physical and neurophysiological test results, and in 
patients with autonomic neuropathy. Moreover, it can 
demonstrate subclinical neuropathy in patients at risk, 
such as those with diabetes. Skin biopsy can be used to 
diagnose sensory mononeuropathy when nerve con-
duction studies cannot be performed. Finally, follow-
up skin biopsies allow the progression of neuropathy 
and the efficacy of treatments to be monitored.
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ONgOINg ReSeARcH

• Collaborative international studies aim to standardise the 
techniques for processing skin biopsies and measuring 
nerve fibre density

• Studies in patients with painful neuropathies aim to 
compare the diagnostic efficacy of skin biopsy with clinical 
measures and non-conventional neurophysiological tests

• Studies focused on large myelinated fibres aim to confirm 
the usefulness of skin biopsy in the diagnosis of immune 
mediated and inherited demyelinating neuropathies

• Skin biopsy is being used to measure outcomes in clinical 
trials with neuroprotective agents

AddITIONAl educATIONAl ReSOuRceS

• �ohns Hopkins University (http://hiv.neuro.jhmi.edu/
cutaneous/)—Provides detailed information for patients, 
clinicians, and researchers interested in skin biopsy for 
peripheral neuropathies

• University of Minnesota Medical School (http://
kennedylab.med.umn.edu/kennedyweb/biopsy/)—
Provides information on methods to analyse skin biopsy 
and to quantify nerve fibres




